In the decoupling limit, M has a significant effect on Higgs couplings g h 0 V V (V = W ± , Z 0 ) and g h 0 γγ . We discuss its impact on the lightest CP-even Higgs
to 130GeV [2] .
In the limit M 
Model (SM) Higgs boson h
sm . This is known as the decoupling limit [3] . When M A 0 is not too large, i.e., far from the decoupling limit, h 0 and H 0 mix severely and sin(β − α) is lifted from 1 [4] .
Recently, the study of Higgs boson productions at photon colliders has been extensively carried out [5] . Photon colliders have distinct advantages in searches for and measurements of neutral Higgs bosons. At γγ colliders, the Higgs boson can be produced in s-channel resonance, via triangle loop with all the charged particles which gives the unique opportunity to precisely measure the properties of Higgs boson, mass, production and decay channel and determine CP property and spin, parity [6] . And γγ colliders give a chance to produce single heavy Higgs H 0 , A 0 , which extends the mass reach. Compared with e + e − colliders, the heavy Higgs bosons are produced in pair, because the ZH 0 , ZA 0 channels are suppressed due to nearly zero cos(β − α).
A simulation study of the production of the lightest Higgs boson and discovery potential at γγ colliders has been given [7] .
To study the Higgs boson productions at photon colliders is essentially to examine the loop induced coupling of Higgs bosons to photons g h 0 γγ . The coupling g h 0 γγ had been discussed long ago [8] , recent revisit in the decoupling limit in MSSM as well as the tow-photon decay of the SM-like Higgs boson at photon colliders has been worked out [9] . Related with the decoupling limit, a question arises naturally. That is, is there any region with M
Z of the parameter space in MSSM where the decoupling limit can be relaxed ( i.e., there are significant mass differences among M H ± , M H 0 and M A 0 and sin(β − α) deviates from 1 although
In this paper we would like to answer the question and discuss its phenomenological implication on the light neutral Higgs boson production at photon colliders. It is shown that the decoupling limit can be relaxed in some regions with
Z of the parameter space which are allowed by experiments of (g − 2) µ , b → sγ and lower bounds of sparticle masses, due to the large offdiagonal scalar top and scalar bottom mass matrix elements contributing to the Higgs sector by radiative corrections. In the regions, the charged, heavy CP-even and CP-odd Higgs bosons are not mass degenerate, and sin 2 (β − α) can be damped (say, below 0.8) from 1, the value in the decoupling limit, which has significant effect to the couplings proportional to sin(β − α), most 
The mixing angle α of CP-even Higgs bosons can be defined as
In the decoupling limit, all δM (5) is compensated by the radiative correction δM In this section we analyze the experimental constraints from (g − 2) µ and b → sγ which will be imposed on the parameter space of MSSM in our numerical analysis.
The muon anomalous magnetic moment a µ ≡ 1 2 (g − 2) µ constraint from the recent Brookhaven E821 experiment [12] gives a 2σ bound on the supersymmetry contribution,
The one loop supersymmetric contributions to a µ come from the diagrams with charginosneutrino in the loop and neutralino-smuon in the loop respectively [13] . The chargino contribution is given in the limit of |M 2 | ≪ |µ|,
where
When tan β is large, it can contribute within the experimental bound. The neutralino contribution can be important from Bino-smuon loop, as emphasized by Martin and Wells in ref. [13] . In the large µ (say µ ∼ 1Tev) limit, |M 1 | ≪ |M 2 |, |µ| and two smuon are nearly degenerate mμ 1 ≃ mμ 2 . The Bino contribution can be written as
where (8) comes from smuon mixing. It is obvious that when µ tan β is large (say, µ tan β ∼ 20Tev) and Mμ is not too large, the experimental constraint of (g − 2) µ can be satisfied by the Bino contribution.
The b → sγ decay branch ratio from CLEO [14] is given as
In our numerical analysis, we use the leading order calculation of BR(b → sγ) because of the lack of full next-to-leading order calculations in MSSM, and additional ±30% uncertainty of the leading order calculation of b → sγ has been considered. In this paper, since M H ± (M H ± ∼ 300GeV) is not too large, it can enhance the BR(b → sγ) significantly because of the constructive contributions of the charged Higgs H ± and Standard Model (SM) charged gauge boson W ± . This gives a serious constraint on the supersymmetric contributions such that they must be destructively interferent with those in SM. In supergravity models with large tan β, the chargino contribution is correlated to the sign of the product of µ and A t . For positive µA t , the chargino contribution interferes with that in SM constructively, and for negative µA t , destructively [15] .
IV. The Lightest Higgs boson production at γγ colliders
We follow the formula given in [9] [16] . The γγ width of the lightest Higgs is expressed as
where i runs over all the loop contributions. The different kinds of I i h are given as
h , N c = 3 for quarks and squarks, N c = 1 for leptons and sleptons, the loop 16] , and R i are defined as follow
If tan β is large, the bottom Yukawa coupling receives the large correction, the coupling R b is
In Eq. (22) ∆ b is given at one-loop as [17] 
where α s = g 2 s /4π and Y t = h 2 t /4π, h t is top Yukawa coupling and the function I is defined by
Since the off-diagonal elements of the mass-squared matrix of the third generation sfermion are large, which is considered in this paper, left-and right-handed sfermion mixing should be included in the Higgs sfermion couplings. In stead of Eq. (20), one has
where √ s is the energy of mass center.
V. Numerical analyses
In our numerical work, for simplicity, we assume the universal soft sypersymmetry breaking
, and universal soft sypersymmetry breaking slepton mass Ml = Mτ R = Mμ R which is different from the squark sector. With the assumption of the universal slepton mass, the requirement that the stau mass should be positive puts a severe constraint on smuon mass matrix elements, because the only difference between the stau and smuon mass matrices is just that M τ in the stau mass matrix is replaced by M µ in the smuon mass matrix. With M In this parameter region, M 1 = 100GeV and M 2 = 450GeV, the dominant contribution to the muon anomalous magnetic moment (g − 2) comes from the neutralino-smuon loop. In the region, µ ∼ 5TeV, the chargino-sneutrino loop contribution is negligible as it can be seen from Eq. (7). Because of large chargino and stop masses and low tan β, the b → sγ can be satisfied easily. When we further require sin 2 (β − α) ≤ 0.8, the two regions denoted by triangle and star appear, corresponding to the CP-even Higgs mixing angle α > 0 and α < 0 respectively. We see that in the two regions µ is in the range between 9.3Mq and 10Mq and A t is within a small range near 0. When M A 0 is raised, the allowed parameter region is decreased, as can be seen by comparing the Fig. 1A and 1B. As an illustration, we present two points in Fig. 1A as the cases A and B in Tab. I, corresponding to the positive and negative CP-even Higgs mixing angle α respectively. We can see |δM Second, in the case of moderate tan β = 10, we fix Mq, Ml, M A 0 , A b , M 1 and M 2 , and the experimentally allowed area is denoted by the dotted and star areas as shown in Fig. 2 . In this parameter region, because µ ≃ 3TeV and tan β = 10, the chargino contribution to the muon anomalous magnetic moment (g − 2) is not large enough to rest in the experimental bound. The dominant contribution to a µ comes from the neutralino-sneutrino loop as seen from Eq. (8). In Fig. 2 the star area corresponds to the region of the parameter space where sin 2 (β − α) ≤ 0.8. We see that µ is in the range between 4.8Mq and 7.3Mq and A t is in a small range near 3.5Mq. The fine-tune property of Eq. (5) is similar to that in the low tan β case.
When M A 0 increases, the allowed parameter region by experiments and the sin 2 (β − α) ≤ 0.8 requirement is minimized, as shown in Fig. 2B .
Third, in the case of large tan β = 50, since the bottom Yukawa coupling is large compared with the top Yukawa coupling, we concentrate on the contributions of the bottom and sbottom and take A t = 0 for a while. The experimentally allowed parameter region of µ and A b is shown in Fig. 3 in both the dotted and star areas, with fixed Mq, Ml, M A 0 , A t , M 1 and M 2 . We notice that µ is in a small range near 1.5Mq because of the large M b tan β in the off-diagonal sbottom mixing term M b (A b − µ tan β) and A b is in the range between −9Mq and −10Mq. The star area is allowed by the requirement of sin 2 (β − α) ≤ 0.8. With tan β = 50 and µ ≃ 750GeV, we can see from Eq. (8), the neutralino-smuon loop alone can generate the muon anomalous magnetic moment (g−2) within the experiment bound as shown in Fig. 3A with large M 2 , where the chargino contribution can be neglected. But because of large tan β = 50 and not too large µ ≃ 750GeV, the chargino-sneutrino loop alone can also generate a value large enough to satisfy the experimental bound, as can be seen from Eq. (7). This case is shown in Fig. 3B , where we choose M 1 = 100GeV simply because of the requirement that the neutralino is the LSP.
Even in this lower chargino mass case, we need not worry about the b → sγ bound, because of nearly degenerate scalar up-type quark masses arising from the assumption of the universal soft supersymmetry breaking squark mass, not too large µ and A t = 0. When A t = 0, for example,
, and the other parameters are the same as those shown in Fig. 3B , Br(b → sγ)
reaches its upper bound, because of positive µA t which leads to that the chargino contribution interferes with that in SM constructively. Furthermore, we can show in our numerical analysis that if we assign a negative value to A t (say, −500GeV), the SUSY contributions interfere destructively with that in SM so that the b → sγ constraint can be easily satisfied.
The damped sin 2 (β − α) has significant effects on the vertices of g h 0 W + W − , g h 0 ZZ and g h 0 γγ
and consequently on Higgs productions at photon colliders, as pointed out in Introduction.
With parameters chosen in the regions denoted by the star area in the figures, i. e., the regions allowed by experiments and the requirement of sin 2 (β − α) ≤ 0.8, we show our numerical result of the lightest CP-even Higgs production at γγ colliders in Tab. I. Since the dominant contribution to this process comes from W + W − loop, with damped sin(β −α), this W + W − loop contribution is reduced. For the case C in the table, because |α| ∼ 0.5, the Yukawa coupling of the lightest neutral CP-even Higgs boson to top quarks is lifted from the decoupling case so that the top-antitop loop contribution is also reduced. Therefore, the production cross section is significantly reduced compared with that in SM. In large tan β limit, the bottom Yukawa effect is enhanced, which corresponds to the case D in which the production section is significantly enhanced compared with that in SM due to α ∼ −0.5. Since the off-diagonal term of the stop mixing matrix is large in the cases A, B and C, as seen in Eqs. (25), (26) A is large, which is another implication of non-decoupling limit, as discussed in [19] 
